We report here, for the first time, the signature of bi-modal fission, one asymmetric and the other symmetric, in all the Uranium nuclei in the mass range A = 230 to 235. The finding is unexpected and striking and is based on analysis of experimental mass distributions at various excitations in the induced fission of 232 Th. It has been found that the observed mass distributions, especially the three peaked nature, can be explained in a consistent manner only if one assumes bi-modal fission at lower excitations for all the Uranium nuclei in the range A = 230 to 235, in addition to multi-chance fission. The analysis has also allowed a quantitative estimation of the percentages of the asymmetric and the symmetric component in the bi-modal fission. It is found that the bi-modal fission is predominantly asymmetric (about 90%), which contributes in a major way to the observed asymmetric peaks, while the 10% bi-modal symmetric fission is primarily responsible for the observed narrow symmetric peak in the mass distributions. The unusually narrow symmetry peak in the mass distributions indicates that the symmetric bi-modal fission must have proceeded from a configuration at the bi-modal symmetric saddle which is a highly deformed one with a well-developed neck.
2 traced as a function of deformation [1] [2] [3] . On receiving some excitation energy, the nucleus starts to deform. Once it reaches a critical deformation, known as the saddle point deformation, the change in the surface energy becomes equal to that in the Coulomb energy. Any further deformation beyond the saddle will drive the nucleus (charged drop) inevitably to fission and the nucleus separates into two fragments at the scission point, which then fly apart with high kinetic energies because of large Coulomb repulsion. The liquid drop model only leads to symmetric division of the nucleus into two fragments of equal mass. To explain the observed highly asymmetric mass distribution in fission of actinides, especially in thermal neutron induced fission of 235 U at low excitation energies, the liquid drop potential energy needs to be corrected for the shell and pairing effects [4] . The spherical shell corresponding to major shell closure at
N=82 (doubly magic
Sn) and deformed shell corresponding to N=88 appear to play a major role in the asymmetric split. However, it has been experimentally seen that the major shells do not always decide the split at low excitations; relatively small microscopic effects could also play an important role in the mass split [5] . In either case, the shell effect is expected to play a significant role only at low excitations of the compound nucleus undergoing fission, roughly up to about 20 MeV or so, and one expects a gradual washing out of the shell effects with increasing excitation [6] [7] [8] , resulting in a shift from asymmetric to a completely symmetric split and consequently, in symmetric mass distribution. However, the exact excitation energy limit beyond which shell effects are completely washed out is still not fully established experimentally and despite spectacular advances the development of a theoretical framework that can explain appropriately all the observed features of the nuclear fission process remains a challenging task.
As the excitation energy increases, the probability of multi-chance fission [9] increases.
In multi-chance fission (MCF), fission occurs from the original compound nucleus as well as from residual nuclei left after one or more neutron evaporations. Thus first chance fission means fission of the original compound nucleus e.g.,
236
U for α +
232
Th reaction. The second chance fission for the same projectile-target system means fission of 235 U after one neutron evaporates out of 236 U; third chance means fission of 234 U after consecutive evaporations of two neutrons, and so on till the excitation energy of the compound nucleus after successive emission of neutrons falls below the fission barrier. Since neutron evaporation takes away on the average excitation energy that exceeds the binding energy of the neutron by about 1.8 MeV, the higher chance fissions proceed increasingly from lower excitations of the compound systems.
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Depending upon the initial excitation, after evaporation of a few neutrons the excitation of the compound system would come down enough for shell effects to play an important role leading to an asymmetric split. Multi-chance fission was invoked to explain the observed survival of asymmetric mass distribution to high excitation energies with excitations up to 60 MeV for Uranium nuclei in the range of A = 237 to 240 [10] . Due to multi-chance fission components of both symmetric and asymmetric fission, although from different fissioning nucleus, contribute to the observed mass distribution at a given excitation energy. But this does not necessarily give rise to a three peaked mass distribution with two peaks corresponding to asymmetric split and one peak corresponding to the symmetric split as was experimentally observed earlier [11, 12] . This is evident from Fig. 1 . where the mass distributions as calculated by the GEF code [13] , Three peaked mass distributions were, however, observed in the fission of light actinides and Radium at low excitations [14 -16] . This was interpreted as the co-existence of two separate modes of fission (bi-modal fission); one asymmetric and the other symmetric, of the same fissioning nucleus. Experimentally, it was also found that the total kinetic energy of the asymmetric fission mode is about 10 MeV higher as compared to the symmetric mode. This was another surprise (the first one being the bi-modal fission) since the symmetric fission is generally expected to result in higher total kinetic energies of the fragments (which arises out of Coulomb repulsion between the two fragments in touching configuration at scission) as compared to asymmetric split since the product of two charges (with constant sum, which in the case of fission of Ra nucleus is 88) is maximum when they are equal. It was only much later that a qualitative explanation for bi-modal fission and the observation of lower kinetic energy of the fragments for symmetric division was put forward by Möller et. al. [17] by tracing the shape evolution of the fissioning nucleus on a five dimensional potential energy surface, where apart from elongation, neck diameter and mass asymmetry, two more shape parameters -the deformations of the left and right nascent fragments were considered. Their calculation shows that there are two fission paths: one asymmetric and the other symmetric. The symmetric path 4 has a saddle point at a higher excitation (about 1.5 MeV higher than the asymmetric saddle) and corresponds to a much more elongated shape at the saddle as compared to the asymmetric path which has a lower barrier and less elongated shape at the saddle. Since the distance between the charge centres is much larger in the case of symmetric split as compared to the asymmetric one which has a rather compact configuration, the theory also offers a qualitative explanation for the experimental observation of the lower total fragment kinetic energy in the case of symmetric fission. The calculation also shows that the two modes have a well separated ridge and thus at appropriate excitation energies both the modes together would lead to a three peaked mass distribution. However, their calculations for even Uranium nuclei in the range A = 228 to 240 suggest only small chance for the survival of bi-modal fission all the way up to scission. The asymmetric and symmetric fission paths do still exist and the symmetric split would still correspond to a more elongated shape as compared to the asymmetric fission but as they have shown in the case of 234 U, the ridge separating the two valleys is not high enough to keep the two modes fully separated up to the scission point.
The existence of bi-modal fission was also concluded in the low energy proton induced fission of 232 Th [18] . This was based on the experimental observation of two components in the total kinetic energy distribution of the fragments. The kinetic energy data suggested two kinds of scission configurations: a compact one and an elongated one in the same mass split around A 130. Assuming that total kinetic energy is due to the Coulomb repulsion energy between the two fragments in touching configuration at scission, the distance between the centres of the two fragments in the elongated configuration was estimated to be as large as 18 to19 fm. However, no detailed measurements on mass distributions were reported.
In this letter we have presented our analysis of fission mass distribution in α + 232 Th reaction reported in earlier experimental studies [11, 12] , over a range of excitation energy spanning from 23 to 66 MeV for the compound nucleus of 236 U. All the mass distributions were three peaked with two peaks corresponding to asymmetric splitting and a narrow peak in the symmetry region. We have fitted the mass distributions by invoking multi-chance fission and bimodal fission. It is shown that by incorporating these two concepts the mass distributions at all the different excitations could be fitted in a consistent way.
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The first step towards fitting the mass distributions is estimation of probabilities of multichance fission (MCF) using the GEF code. The excitation energies of different compound nuclei of Uranium after one or successive neutron evaporations are estimated on the basis of binding energy of the last neutron and assuming an average kinetic energy of 1.8 MeV for the evaporated neutron. The fission modes of different Uranium nuclei are then classified as purely symmetric, bi-modal and purely asymmetric depending on the excitation energy of the compound nucleus undergoing fission. Above 25 MeV of excitation, the fission is assumed to be completely symmetric due to washing out of shell effects and below 9 MeV of excitation it is assumed to be purely asymmetric. In between 9 and 25 MeV excitation energy, the fission mode is assumed to be bi-modal. The assignments of different fission modes to different Uranium nuclei are done at all the incident α-particle energies following these criteria; as an example the assignments for incident α-particle energy of 50.8 MeV (excitation energy of 45.36 MeV) is given in Table 1 .
The fitting has been done with double hump Gaussian corresponding to pure asymmetric The narrow widths of the symmetric peak in the mass distributions suggest that the bimodal symmetric fission in Uranium nuclei, which constitutes about 10% of the bi-modal fission that is predominantly (about 90%) asymmetric, proceeds from highly deformed saddle configurations with well-developed necks. A well-developed neck once formed at the saddle would severely constrain the mass flow between the nascent fragments during the passage from saddle to scission, irrespective of whether the symmetric valley merges with the asymmetric valley or not. From this viewpoint, the earlier calculations [17] that predicted highly deformed configurations for even Uranium nuclei at the bi-modal symmetric saddle, lend support to the observation of narrow symmetric peak in the mass distributions. In the case of a deformed configuration with well-developed neck at the saddle, the mass flow would be restricted to the total number of nucleons in the volume of the neck and FWHM of the symmetric mass split is expected to be a fraction of that. A rough estimate of the FWHM is possible by assuming a cylindrical neck at the saddle. If one assumes reasonable numbers for the neck length and the neck diameter: say about 6 and 4 fm respectively, the cylindrical neck volume would then contain about 10 nucleons. At scission, the probability of the neck to get severed just at the middle position along the length of the neck is expected to be the maximum, which would result in a split into two equal masses. The neck can also get severed at any position along its length between the middle position and the two ends of the neck on either side of the middle position.
The mass distribution in this picture would have a total width of roughly 10 mass units and this offers an explanation for the observed narrow (FWHM varying from 3 to 7 mass units) peaks in 7 the symmetry region of the mass distributions. The actual shape at the saddle and its dynamical evolution leading ultimately to the splitting into two parts at the scission would surely be much more complex and different but this simple picture helps us to understand the origin of the experimentally observed narrow symmetric peaks and leads to the important conclusion that the bi-modal symmetric fission must have proceeded from a saddle configuration that is highly deformed with well-developed neck.
The narrow width of the bi-modal symmetric fission in Uranium also explains why the mass distribution studied [19] To conclude, it can be said that the observed mass distributions at various excitations of α + 232 Th system can be best explained by invoking the concepts of MCF and bi-modal fission for the all the Uranium nuclei from A = 230 to 235, and that the shell effect gets washed out at around 25 MeV of excitation. The observed narrow symmetric peak in mass distributions has been argued to be arising from the symmetric fission component of a predominantly asymmetric bi-modal fission in which Uranium nuclei have highly elongated configurations with welldeveloped necks at the bi-modal symmetric saddle. It seems that bi-modal fission is quite a general feature of the Uranium isotopes, and possibly of many actinides. Th using the algoritm explained in the text for various incident -particle energies. The filled circles are experimental data based on measured mass distibutions taken from references indicated in the inset.
